The transient emission technique in the time domain has been used to determine the pressure dependence of the coherent dephasing time T 2 of sulfur dioxide in mixtures with 0 2 and N 2 for several rotational transitions in the vibrational ground state. From these data line broadening parameters Av/p and collisional cross-sections are calculated.
Introduction
Besides the fundamental interest for intermolecular interactions, the investigation of the pressure dependence of r 2 -relaxation rates for rotational transitions of gaseous molecules provides information about pressure broadening of spectral lines in the microwave and optical region. Such data are particularly important for models to interprete the results of spectroscopic technique of monitoring trace gases in the terrestrial atmosphere.
Sulfur dioxide plays an important role as an air pollutant which contributes predominantly to the environmental problem of acid rain when being converted to sulfuric acid in the atmosphere. Therefore the capability of detecting and quantifying sulfur dioxide in the air is the first important step to avoid its emission into the environment.
Line broadening parameters of spectral lines (~ 1/T 2 ) of S0 2 broadened by the major constituents of the air (N 2 and 0 2 ) are essential for the interpretation of remote sensing techniques like atmospheric laser probing [1],
Experimental
We report on the pressure dependence of ^-relaxation for several rotational transitions of S0 2 in the ground vibrational state in mixtures with 0 2 and N 2 . The experiments were carried out in the frequency Reprint requests to Prof. Dr. H. Mäder, Abteilung Chemische Physik im Institut für Physikalische Chemie der Universität Kiel, Olshausenstr. 40, D-2300 Kiel, FRG. range from 7 to 25 GHz with microwave Fourier transform (M WFT) spectrometers in J-and in X-band and with a MW-bridge type pulse spectrometer in K-band. Experimental details and setup's are given elsewhere [2] [3] [4] . Pressure measurements were done with a MKS-Baratron capacitance manometer. The partial pressure fo S0 2 was maintained at about 3 mTorr, the partial pressures of the foreign gases were varied from 0-60 mTorr. S0 2 was purchased from J. T. Baker, Nitrogen and Oxygen from Messer-Griesheim, respectively.
The mixtures were established by adding small amounts of the perturbing gases into the sample cell, which was previously filled with a certain amount of S0 2 . Some measurements were performed with ternary systems consisting of sulfur dioxide and the buffer gases N 2 and 0 2 . In this case the sample cell was filled with certain amounts of S0 2 and one of the foreign gases. The partial pressure of the other perturber was varied in the range given above. The results did not differ significantly from those obtained in binary mixtures. All measurements were done at room temperature (295 ± 3 K).
Analysis and Results
The transient emission decay signals S(t) at each pressure, being detected after pulse excitation and frequency down conversion, were analysed by comparison with a theoretical expression. In case of the measurements in J-and in X-band the down conversion leads to a centre frequency of about 30 MHz (exactly 30 MHz in case of resonant excitation), and the equa-tion used is
] cos (Q t + q>). (1)
The analysis 1/2 /2 n q). No significant pressure dependence of the angular beat frequency Q was observed.
The measurements in K-band were done with a bridge-type spectrometer with down conversion of the microwave frequency to DC. In this case the equation
was used to analyse the recorded transient signals with C being an arbitrary offset. The pressure dependence of 1/T 2 was obtained by a linear least squares analysis of the fit results for 1/T 2 at each sample pressure according to the expression
with a containing contributions from wall collisions as well as from self-broadening of S0 2 , and p being the partial pressure of the foreign gas. In case of the ternary mixtures with one of the foreign gases maintained at a fixed partial pressure, a also contains the contributions from those collisions. The resulting rate coefficients of the investigated systems may be converted to the more familiar pressure broadening parameters (Av/p = ß/2n), which characterize the pressure dependence of the half-width of the lines.
According to gas kinetic considerations for a hard sphere collisional model, effective cross sections may be evaluated from the experimental results with the expression
where p is the reduced mass of the collision partners. The results of our investigations are compiled in Tables 1 and 2. Table 1 contains the quantum numbers and frequencies of the investigated transitions, together with a labeling number to identify them in the following tables. The pressure broadening parameters and effective collisional cross sections are given for the binary systems S0 2 -N 2 and S0 2 -0 2 in Table 2 .
Theoretical calculations [5] based on an AndersonTsao-Curnutte theory of line-broadening were avail- Line broadening parameters for mixtures of sulfur dioxide with air may be calculated from the corresponding data for mixtures with nitrogen and oxygen according to 
because the individual contributions of both buffer gas components do not depend on each other. As a test of (5), the air broadening parameter of one transition of S0 2 (Nr. 4 in Table 1 ) in mixtures with air was analysed with the partial pressure of the air being varied in the range from 0 to 60 mTorr. The air was taken from a lecture bottle purchased from MesserGriesheim. The result given in Table 3 confirms the value predicted by (5). Figure 1 shows the pressure dependence of the relaxation rate \/T 2 for the investigated rotational transition of S0 2 together with the fitted straight line according to (3).
